Bone marrow of leukaemic patients, non-leukaemic patients and normal individuals were co-cultivated with the canine cell line A7573. These co-cultures were screened for retrovirus antigens by means of the indirect cytoplasmic immunofluorescence assay (IFA). Rabbit antisera directed against the major structural protein (p3o) of woolly monkey (simian) sarcoma leukaemia virus (grown in human lymphoid cells) and Rauscher murine leukaemia virus were used for testing.
INTRODUCTION
The presence of type-C oncovirus footprints in human mesenchymal tumours is a rather infrequent finding (for a recent review, see Gallagher, I977) . These observations include studies on virus RNA-dependent DNA polymerase, nucleic acid homology, virus antigens and antiviral antibodies. Although most studies on the detection of virus footprints in human tissues suggest the existence of viruses related to the woolly monkey (simian) sarcoma-leukaemia virus (SiSV), complete SiSV-related proviruses are not present in the majority of leukaemic cells. However, baboon endogenous virus (BaEV) related information has been reported in a few eases of human leukaemia (Reitz et al. ~976; ). The few data on the presence of virus antigens (Sherr & Todaro, I974; Strand & oo22-I317/79/oooo-37to $02.00 © I979 SGM August, J974; Charman & Gilden, I978) and antiviral antibodies (Snyder et al. I975; Stephenson & Aaronson, I976; Kurth et al. I977) are conflicting and infectious type-C viruses have only occasionally been isolated from human tissues.
The first and most thoroughly described type-C virus isolate of presumed human origin has been retrieved from a patient with acute myeloid leukaemia (Gallagher & Gallo, ~975) . Similar, although less well characterized, viruses have also been demonstrated in normal and other neoplastic human material (Gabelman et al. I975; Nooter et al. I975, I977; Panem et al. I975) . The viruses described in these studies were shown to be highly related to SiSV. In two instances the presence of a second primate virus in the isolate identical or related to BaEV could be detected as well (Chan et al. ~976; Okabe et al. I976; Panem et al. ~976) .
The apparently low frequency of isolation of putative human retroviruses strongly suggests that these viruses are not ubiquitous in the human population. On the other hand, restricted virus expression and/or replication defectiveness could play a role as well. Subsequently, methods which facilitate virus transmission by intensive cell-to-cell contact, e.g. co-cultivation in combination with sensitive detection methods, could be appropriate in studies on presumptive human viruses.
We describe here our results from a relatively large scale study of co-cultivation of foetal dog thymus cells (line A7573) and human bone marrow samples. Antigens of a possible virus origin were detected in some of these co-cultures by means of the indirect cytoplasmic immunofluorescence assay (IFA).
METHODS
Cell cultures. All cells were grown in Dulbecco's modified Eagle's minimal essential medium with lo% (v/v) foetal calf serum (FCS) (heat-inactivated for 4o min at 56 °C) and without antibiotics. Karyotypic analysis of the cultures was repeatedly performed, in order to ascertain the species origin of the lines used. Chromosomes were banded by the technique of Seabright (I97I) . The cell cultures were tested for the presence of mycoplasma with a fluorescent staining method (Chen, ~977) . The mammalian cells used for co-cultivation of human bone marrow were always negative for mycoplasma. For the IFA, 5o/~1 of a suspension of freshly trypsinized cells (l@/ml) were transferred into wells of Teflon coated microscope slides. The cells were allowed to grow at 37 °C for 2o h in a humidified COz incubator. They were then fixed in cold acetone and stored at -20 °C until used in the IFA.
Co-cultivation. Human bone marrow cells (lo T nucleated cells) were cultured on top of a layer of foetal dog thymus cells in exponential phase (referred to as A7573; NelsonRees et al. ~976) in 75 cm 2 plastic tissue culture flasks. The cells were transferred every 5 days. Prior to trypsinization, the supernatant with floating bone marrow cells was removed, centrifuged (Ioog) and re-plated together with the trypsinized A7573 cells. After three passages of co-cultivation, bone marrow cells were no longer detected by karyotypic analysis.
Antisera. The following antiviral sera were used : (i) an antiserum (RA-SiSV-p3o) directed against the major internal virus structural protein of SiSV with a mol. wt. of 3oooo (p3o); (ii) an antiserum (RA-R-MuLV) directed against purified Rauscher murine leukaemia virus (R-MuLV). The antisera were raised in rabbits. Pre-immune sera were taken before inoculation. The primary inoculations of IOO/~g of guanidine-agarose-chromatography purified (according to Green & Bolognesi, I974) SiSV-p3o and R-MuLV emulsified in Ioo/zl complete Freund's adjuvant were administered into the popliteal lymph node. Two subsequent booster injections were given at four week intervals. Antisera were subjected to chromatography on QAE-Sephadex A5o (Pharmacia, Uppsala, Sweden) in ethylenediamineacetate (pH 8"o; I o'l) (Joustra & Lundgren, T97o) . The isolated immunoglobulin (Ig)G fractions were dialysed against phosphate buffered saline (PBS) and stored at -2o °C.
Absorption of antisera. Anti-FCS activity present in the antiviral antisera was removed by affinity chromatography. IgG fractions of antisera were placed on a column consisting of Sepharose 4 B beads (Pharmacia) coupled with FCS according to March et al. (I974) and re-collected.
To demonstrate the viral nature of the IFA staining, a o'4 ml sample of the FCS-absorbed IgG fraction of the RA-SiSV-p3o antiserum was absorbed (6o min at 37 °C followed by 6o rain at 4 °C and then ultracentrifugation) with either purified SiSV (I.5 ml SiSV, grown in rat cells; o'4 mg protein/ml) or purified mouse mammary tumour virus (MuMTV; 2 ml; o.28 mg protein/ml). The absorbed sera were tested for residual anti-SiSV activity by use of the IFA.
Immunopreeipitation test. SiSV grown in rat embryonic fibroblasts was pelleted from the culture medium, disrupted with detergent and then labelled with ~25I by the chloramine T method (Greenwood et al. I963) . To 25 #1 of o'5 M-PBS, pH 7"5, I5 #1 virus solution [5 to IO #g protein, diluted in PBS containing 1% non-ionic detergent NNPIo (Serdox, Deelden, The Netherlands)], io #1 125I (! mCi/o'oIo ml, Radiochemical Centre, Amersham, Bucks, U.K.) and lO #1 chloramine-T solution (I mg/ml chloramine-T in o.I M-PBS, pH 7"5) were added. The reaction was stopped after an incubation period of 6o s by adding sodium metabisulphite (5/zl of a 2o mg/ml solution in PBS) and 5o/d o. I M-potassium-iodine. The 125I-labelled protein was separated from free iodine by Sephadex G-5o chromatography.
For the immunoprecipitation test iodinated proteins (3 x io 6 ct/min) in zoo #1 immunoprecipitation buffer (IO mM-tris-HC1, o.oz % NNPIo and I M-NaC1) were incubated (6o min at 37 °C) with 2 #1 of a rabbit antiserum directed against p3 o of SiSV (diluted I : 32). Thereafter, 5o/zl of pig anti-rabbit IgG serum was added and the incubation was maintained for I6 h at 4 °C. After centrifugation (3ooog, 3o min), the pellet was subjected to sodium dodecylsulphate polyacrylamide gel electrophoresis (SDS-PAGE), according to the method of Weber & Osborn (I969) . Gels contained IO% acrylamide. Samples were heated for 2 rain at Ioo °C prior to electrophoresis, which was carried out at 2"5 mA/gel for approx. 2o h. Gels were sliced into I.I mm fractions using a Bio-rad gel slicer. 125I-radioactivity was determined using a gamma counter. Mol. wt. were estimated on the basis of the relative electrophoretic mobility of the labelled polypeptides. Standards were bovine serum albumin (69ooo) ovalbumin (43 ooo), carbonic anhydrase (29ooo) and lysozyme (T45oo). Cytoplasmic indirect immunofluorescence assay. Cells were grown on microscope slides as described above. Ten spots on these slides were used for incubation. Eight of the wells were filled with twofold dilutions (starting with I : IO) of the antiviral serum in PBS and the other two wells with PBS only. After the first incubation (3o rain at 37 °C), the slides were washed four times with PBS and subjected to a second incubation period (3o min at 37 °C) with a fluorescein isothiocyanate-conjugated goat antiserum to rabbit Ig (Nordic Immunological Laboratories, Tilburg, The Netherlands), diluted 1:2o, except for one of the PBS filled wells, which was again filled with PBS. After being washed, the cells were covered with Elvanol and a cover glass. The slides were examined with a Leitz Orthoplan microscope, using a FL 4o x/I'3o objective and GW 4 x oculars. Epi-illumination was accomplished with a mercury arc HBO IooW/a. The filters used were 2 x KP49o+ I mm GG455 and K515.
Results are expressed as endpoint titres, representing the reciprocal of the highest antiserum dilution in which virus-specific cytoplasmic fluorescence was still observed. In each IFA, positive and negative control ceils were included and double blind scoring of the slides was carried out by two independent investigators.
Sepharose bead immunofluorescence assay. The method as developed for the quantitative assay of immunoglobulins (Haaijman & Brinkhof, I977) has been adapted to the detection of virus antigens (Koch et al. I977) . Fifty/zl of a 1% suspension of beads (I ml bead pack to lOO ml of PBS) coupled with FCS or disrupted virus were incubated for 1 h with 50/d of antiviral sera diluted in PBS containing 2o//0 bovine haemoglobin in flat-bottomed microtitration plates under continuous agitation. After repeated washing, the beads were incubated with goat anti-rabbit Ig serum conjugated with fluorescein isothiocyanate.
After washing again, the individual bead fluorescence was measured with a microfluorometer. At least five beads were measured per dilution.
Reverse transcriptase assay. Assays for extracellular reverse transcriptase activity in tissue culture media were carried out as previously described (Nooter et al. I977) and are expressed as ct/min aH-TMP incorporated on a synthetic template-primer complex poly(rA), oligo(dT)lz_la.
Patient information. Nucleated cells from bone marrow aspirates from normal individuals and patients were obtained by sedimentation in I °/o (v/v) methylcellulose in culture medium. Bone marrow was derived from 17 leukaemic patients, 12 patients with non-leukaemic bone marrow and 9 normal individuals. The specific diagnoses, age and sex are mentioned in Table 2 . All samples were taken before chemotherapy was initiated.
RESULTS

Characterization of antiserum
The antisera used in the detection of SiSV-related proteins in co-cultures of human leukaemic bone marrow with dog thymus cells were characterized by (a) the Sepharose bead immunofluorescence assay; (b) the immunoprecipitation test; and (c) the cytoplasmic fluorescence assay.
The Sepharose bead immunofluorescence assay
The unabsorbed rabbit antiserum to the p3o major internal structural polypeptides of SiSV (RA-SiSV-p3o) when tested with the Sepharose bead immunofluorescence assay showed high reactivity with SiSV and R-MuLV as well as with FCS (Fig. I a) . After absorption with the latter substrate, this unwanted reactivity was removed without drastically affecting the reaction with the viruses (Fig. I b) . The FCS-absorbed antiserum to SiSV-p 30 has a broad interspecies-specific activity. It reacts strongly with SiSV and to a somewhat lesser extent with R-MuLV, clearly demonstrating the interspecies-specific antigenic determinants of the p3o molecules (Lilly & Steeves, 1974) . The rabbit antiserum to R-MuLV (RA-R-MuLV) showed less interspecies activity (data not shown).
The immunoprecipitation test
The rabbit anti-SiSV-p3o serum (RA-SiSV-p3o) which was first absorbed out for anti-FCS activity, only reacted with a 290o0 mol. wt. polypeptide present in a crude preparation of tissue culture-derived SiSV (Fig. 2) .
The cytoplasmic immunofluorescence assay
The rabbit pre-immune sera do not react with any control cell cultures. However, the antiviral sera which have not been absorbed for anti-FCS activity react with every cell line tested. After absorption with FCS, the antiserum to SiSV-p3o gives a strong reaction (endpoint titre I : 32o-64o) with cultures productively infected with SiSV and a weakly positive reaction with cultures releasing R-MuLV (endpoint titre t :40-80; Table I ). NO (N = I2) cell lines which do not release a retrovirus. The virus negative lines included the dog cell line and the human NC37 cell line in which SiSV was grown used for p3o isolation and subsequent antiserum preparation.
Detection of SiSV-p30 related antigens in human bone marrow co-cultures
After I to 2 months of culture, antigens which can be detected with Ra-SiSV-p3o antiserum but not with RA-R-MuLV antiserum appear in some co-cultures of human bone marrow and canine A7573 cells.
The cytoplasmic fluorescence was of a granular nature (Fig. 3) . The positive reactions seen in the cell nucleus are most likely aspecific, as they are also found in the control A7573 cells. Maximally, 6o% of the cells stained positive. The positive co-cultures were examined at z-week intervals and it appeared that the positive IFA staining persisted for about z months. Thereafter, a decline was observed during the following passages and finally disappeared completely. The endpoint titre for the positive co-cultures never exceeded ~ : 8o.
SiSV-p3o-related antigens were found in a total of 8 of 38 co-cultures (Table z) . Most positive cases were found in the group of leukaemic donors (6 of 17). Of these six positive co-cultures, five were derived from leukaemic children. In the group of non-leukaemic patients, only I of I2 co-cultures was scored as positive. The positive sample came from a child with a non-Hodgkin's lymphoma. Only t of 9 co-cultures derived from normal bone marrow donors contained SiSV-p3o related antigens. This sample was derived from an 8-year-old child.
Control canine A7573 cells cultured separately in parallel with the co-cultures were always negative in the fluorescence test with both antisera (see also Table I ). Reproducibility of detection of virus-related antigens in the co-cultures was demonstrated in two separate instances. Of two leukaemic patients (numbers I and 5) part of the bone marrow specimen was stored in liquid nitrogen. When the IFA appeared to be positive on co-cultures of these bone marrow samples the stored specimen were tested at a later time and were found to be positive as well. Five of the antigen positive co-cultures of canine cells with human bone marrow were checked by karyotypic analysis (Selden et al. I975) and were found to contain only canine cells.
It is possible that, particularly in co-cultivations with leukaemic cells from children, mycoplasma would be transferred to the canine cells. We therefore tested our antisera on two human tumour cell lines, which were heavily contaminated with mycoplasma, but the immunofluorescence results were negative. Two co-cultures which were persistently positive in the immunofluorescence test were examined by a fluorescent staining method (Chen, I977) and found to be negative for mycoplasma.
Absorption tests
Specificity of the SiSV-p3o related antigens in the co-cultures was demonstrated by the absorption of the reactivity with purified SiSV and not with purified MuMTV (Table 3 ). The positive staining of both SiSV-producing cells and a positive co-culture (A~) was completely blocked after absorption of the RA-SiSV-p3o antiserum with SiSV. Absorption with MuMTV resulted in only a slight decrease in the titre of the antiserum (a I log decrease when tested on both substrates).
Extracellular reverse transcriptase determinations
In addition to screening the co-cultures for SiSV-p3o related antigens, extracellular reverse transcriptase was assayed. Five of the eight SiSV-p3o positive co-cultures were tested for the presence of virus polymerase in the supernatants for a maximum of 8 months. Co-culture AI showed a somewhat increased level (I4. 7 × Io 3 ct/min/ml) of reverse transcriptase after I month in culture. However, all other determinations were negative (values 
normal ~ 14 --* The nomenclature for the co-cultures is as follows: the dog cell line is given first (A) followed by the number of the BM donor.
~ Fluorescence staining was scored as positive when the reciprocal of the endpoint titre of the antiviral serum was 4o or higher. The numbers in parentheses indicate endpoint titres which are expressed as the reciprocal of the highest dilution showing virus-specific staining. Antisera were absorbed with foetal calf serum.
Acute lymphatic leukaemia (ALL), acute myeloid leukaemia (AML), chronic myeloid leukaemia (CML) and acute myelo-monocytic leukaemia (AMML).
§ Not tested. ¶ Congenital.
varied between o.t to 2"5 x i o 3 ct/min/ml).
In each reverse transcriptase test virus positive and virus negative control cultures were included. Values of the virus negative cell cultures never exceeded 3 × x o3 ct/min/ml, while determinations of culture supernatants of Rauscher leukaemia virus producing BALB/3T3 cells varied between 27o to 85o x io 3 ct/min/ml. * IgG fractions of the antiserum were used. Before absorption with specific retroviruses, the IgG fractions were first absorbed with FCS. SiSV used for p3o isolation was grown in human NC37 cells.
t SiSV used in the absorption test was grown in rat cells.
DISCUSSION
In vitro experiments with permissive animal cell lines have shown that co-cultivation is a suitable tool for the detection of primate retroviruses of both endogenous (Todaro et al. I974) and exogenous (Todaro et al. I975) origin. In the experiments described here, we detected antigens in co-cultures of human bone marrow samples and the canine line, A7573. This cell line has been shown to be permissive for the propagation of SiSV-related viruses (Teich et al. I975) . Despite the fact that some co-cultures harboured SiSV-related polypeptides, none of them became a virus producer. Our results can be explained by postulating that the intimate contact between the bone marrow cells and the indicator cells allowed the transfer and subsequent propagation of the few virus particles present in the original bone marrow samples. However, an explanation for the absence of overt virus production and the disappearance of the virus antigens from the positive co-cultures is lacking at the moment. The specificity of the antisera used in the immunofluorescence technique is a crucial requirement for the demonstration of virus footprints in these co-cultures. After absorption of immunoglobulin fractions of the sera directed against purified SiSV-p3o polypeptides with foetal calf serum, they only reacted with the virus-producing cells in the cytoplasmic immunofluorescence test. No reaction was seen with any animal or human cell lines which do not produce a retrovirus. In the immunoprecipitation test the absorbed antiserum specifically precipitated a 29o0o mol. wt. polypeptide from a crude SiSV preparation derived from tissue culture and which was most likely contaminated with calf serum components. Theoretically, sera of bovine origin may be a source of unwanted contamination with bovine leukaemia viruses when employed in cell cultures (Calafat et aL 1976) . However, no reactions were found between the p3o-antisera and bovine leukaemia virus producing fibroblasts.
As the SiSV used for antiserum preparation was grown in a human lymphoid cell line (NC37), it is possible that the purified SiSV-p3o polypeptides were contaminated with human lymphoid cell antigens. Two arguments against the involvement of such cellular antigens in our IFA are: (I) the control, uninfected NC37 cells do not react in the cytoplasmic IFA; and (2) absorption of the RA-SiSV-p3o antiserum with SiSV grown in rat cells fully abolished the reaction with the primate virus producing cells and the cells of co-culture AI specifically.
Finally, the possibility cannot be ruled out of activation of endogenous canine retroviruses in the A7573 cells which cross-react with SiSV by a 'factor' present in human bone marrow, especially of that obtained from children. On the other hand, no retroviruses are known from the species Canis familiaris up to now, which makes this possibility unlikely.
An alternative explanation for the presence of SiSV-related antigens in some co-cultures is that the antigens are produced by a transmissible agent derived from the human cells, which proved to be poorly replicative in various tissue culture systems in our investigations.
